The recent high precision SMC data on polarized µp scatterings have again confirmed that very little of the proton spin is carried by quarks. To unravel the mystery of the proton spin structure, it is quite important to know the behavior of the polarized gluon distribution.
Recently, the SMC group [1] at CERN measured the spin-dependent proton structure function g p 1 (x) more precisely and to the smaller x region up to x = 0.006 than the previous measurements carried out by the EMC [2] . The experiment indicates that the first moment of g p 1 (x) increases about 10% compared to the EMC result, and yet that value is still far from the value predicted by the nonrelativistic quark model and the one from the Ellis-Jaffe sum rule [3] . By combining these SMC data with the experimental data of the neutron β-decays and hyperon β-decays, the polarized strange quark density in the proton is derived as follows: ∆s = −0.12 ± 0.04 ± 0.04 .
On the other hand, Preparata, Ratcliffe and Soffer have shown that a bound on the value of ∆s can be obtained by requiring the positivity of distribution functions and assuming the reasonable behavior of the unpolarized s-quark distribution s(x) [4] . Quite contrary to the SMC result, they got |∆s| ≤ 0.021 ± 0.001 ,
by using the s(x) derived from the νN deep-inelastic scattering experiments [5] . Furthermore, similar results were obtained by Preparata and Soffer who indicated the following bound on the polarized s-quark density [6] :
|∆s| ≤ 0.05
using CDHS [7] and WA25 data [8] . At first sight, these bounds seem to be contradictory to the SMC data of eq.(1). There might be, however, a compromising solution. If the gluons contribute to the proton spin through the U A (1) anomaly [9] , the left-hand side of eq.(1) should be modified as
where ∆G denotes the polarization of gluons. Then the bound of |∆s| given by (2) and (3) turns out to be consistent with the SMC data of eq.(1) by taking rather large ∆G (≃ 5 − 6).
Namely ∆s remains small with the cost of large ∆G. Moreover, with this prescription quarks are to carry most of the proton spin and hence one can realize naturally the quark-parton picture. Therefore it is very important to know the magnitude of ∆G and the x dependence of the polarized gluon distribution δG(x), where ∆G = 1 0 δG(x)dx. So far there have been some interesting studies on the polarized gluon. In literature, various types of the polarized gluon distribution functions have been proposed: some of them have large ∆G (≃ 5−6) [10, 11, 12] and others have small ∆G ( < ∼ 2 − 3) [11, 12, 13, 14] . The E581/704 collaboration [15] 
p p ) with the theoretical predictions by Ramsey et al [12] , that the large ∆G should be ruled out. However, some people [16] have pointed out that the calculations significantly depend on the shape of polarized gluon distribution functions and hence the large ∆G is not necessarily ruled out but the shape of δG(x) is strongly constrained by the E581/704 data.
In this work, we study the x dependence of the polarized gluon distribution δG(x). In the previous papers [17, 18] , we have proposed a simple model of polarized distributions of quarks and gluons which reproduce the EMC experimental data well. In this model ∆s was determined to be rather small such as 0.019, which was consistent with the bound of (2) and (3). As for the magnitude of ∆G, we can fix its value to be 5.32 from the experimental data of the integral value of g p 1 (x). However, as for the x dependence of δG(x), nobody knows the exact form of it at present: there remains a number of unknown factors in δG(x), which cannot be calculated perturbatively. Here by taking account of the plausible behavior of the distribution δG(x) near x ≈ 0 and x ≈ 1, we assume
where G + (x) and G − (x) are the gluon distributions with helicity parallel and antiparallel to the proton helicity, respectively. We further assume for simplicity (i) First, we consider the positivity condition of distribution functions to restrict γ and p.
As for the unpolarized gluon distribution G(x), we assume
like in the case of eq.(5). Since G + (x) and G − (x) are both positive, we obtain from eqs. (5) and (6) |
From eq. (7) we get
and
To restrict the region of γ and p from this inequality (9) with ∆G = 5.32, we need to know the value of α and k in G(x) and the intergral value of xG(x) as well. As for the x dependence of G(x), using experimental data of J/ψ productions for unpolarized muon-nucleon scatterings [19, 20] , we have two possible types of parameterization of
T ype B G(x) = 2.36 1
For Type A, α is taken to be 1 by considering the ordinary Pomeron P, and parametrized so as to fit the data. On the other hand, α is chosen to be 1.08 in Type B which is recently derived from the analysis of the experimental data of the total cross section [21] . The graphs of these two distributions are given in Fig.2 , where the intergral values of xG(x) in eqs. (10) and (11) are both normalized to 0.5 in conformity to the experimental data. Inserting these functions into inequality (9) with ∆G = 5.32, the allowed regions of γ and p are obtained. We have examined (9) for various combinations of γ and p, and the results are given in Table 1 and Fig.3 . In Fig.3 , the region below solid or dashed lines is excluded by (9) . From this analysis, we conclude that a wide region of γ and p which satisfies the SMC data and the positivity condition simultaneously, is allowable with respect to the polarized gluon distribution with large ∆G (= 5.32).
(ii) Second, to restrict further the allowable region of γ and p, we compare our model calculations with the two-spin asymmetries A
p p ) for inclusive π 0 -productions measured by E581/704 Collaboration using polarized proton (antiproton) beams and polarized proton targets [15] . Taking δG(x) with the combination of (γ, p) which is allowed by the criterion of positivity, we calculate numerically
p p ), where the polarized quark distributions δq i (x), which are necessary for the calculation of cross sections for some of subprocesses, are taken from ref. [17] . The results are given in Fig.4 . From this figure, some combinations of γ and p are excluded. Surviving combinations of (γ, p) are shown in Table 2 . Comparing the calculations with the experimental data, we have found that xδG(x) must have a peak at a smaller x than 0.05 and has to decrease very rapidly with increasing x. In short, the experimental data are reproduced well when γ is small and p is large, though it is rather difficult to say which one is the best fitting.
(iii) Finally, we look into the spin-dependent structure function of proton g p 1 (x) [1] and that of deuteron g d 1 (x) [22] . The merit of considering these parameters is that g show a tendency for g p 1 (x) to increase for small x, x < 0.01, while the calculated values with γ = −0.9 keep decreasing for such a small x region. It is expected that if γ gets smaller, the discrepancy of g p 1 (x) between the calculated values and the experimental data would become larger. In addition, for g d 1 (x) the calculation with γ = −0.9 does not fit well to the data for 0.01 < x < 0.05. The result of calculation using our δq i (x) and δG(x) with (γ, p) surviving the criteria of cases (i) and (ii) is shown in Fig.5 and Table 3 . 5). As for the magnitude of γ, −0.6 < ∼ γ < ∼ −0.3 seems favorable in our analysis, and with respect to p we obtain the bound that p should be larger than 15. In other words, if γ and p are fixed in this region, for example, as γ = −0.6 and p = 17, one can reproduce all existing data quite successfully. Needless to say, the ∆s of eq. (1) can be reconciled with the bound of (2) or (3) with large ∆G (= 5.32). However, at present we do not know the theoretical ground on the origin of these values of γ and p: in the Regge terminology, the value of γ restricted above happens to be closer to the one for unpolarized valence quark distributions rather than for unpolarized gluon distributions [23] , and p seems to be inconsistent with the prediction of counting rules [24] . To understand the origin of such γ and p is out of scope in this work and needs further investigations. Furthermore, if ∆G is so large (≃ 5 − 6), we are to have an approximate relation L Z q+G ≃ −∆G from the proton spin sum rule, ∆Σ represents the sum of the spin carried by quarks. Unfortunately, nobody knows the underlying physics of it. These are still problems to be solved even though the idea of the U A (1) anomaly is attractive.
It is informative to comment on another approach which has mentioned to this problem.
Recently Brodsky, Burkardt and Schmidt (BBS) [13] have proposed an interesting model of the polarized gluon distribution which incorporates color coherence and counting rule at small and large x. At x ≈ 0, the color coherence argument gives δG(x)/G(x) ≈ (9) whereas the crosses present the ones excluded from (9) . The left-side (right-side) table corresponds to Type A (Type B) of G(x). Table 3 Figure captions 
